One of the mechanisms for the pathogenesis of osteoarthritis is the induction of apoptosis by chondrocytes, which result in a disturbance, and impaired function of its surrounding extracellular matrix (ECM) and ultimately causes cartilage failure. The presence of an intact ECM has been demonstrated to be crucial for the maintenance and integrity of chondrocyte function and cartilage tissue. To address the importance of the extracellular matrix to the homeostasis of chondrocytes, the induction of apoptosis was assessed while chondrocytes were grown the presence of or on a ECM, including fibronectin, matrigel, and matrigel(-) and purified perlecan. Various conditions were tested including adherent and non-adherent suspension cultures which is a culture model previously shown to preserve the cartilage phenotype. Matrigel, a commercially available defined ECM is considered a basement membrane matrix equivalent that may mimic a natural extracellular environment. The major components of Matrigel are laminin, collagen IV, and heparan sulfate proteoglycan perlecan. Perlecan is a proteoglycan that plays a critical role in the function of the basement membrane and is a component of the pericellular environment of chondrocytes. Matrigel (-) provided a similar matrix as Matrigel, however there is a reduction in the amount of growth factors that are present, including a >50% reduction in the amount of perlecan. The objectives of the study were to study the role of ECM on chondrocyte homeostasis and specifically its importance in protecting chondrocytes from apoptosis. Since chondrocytes grow in vivo in such a specialized environment our goal was to mimic aspects of this in vitro and test their response to a natural inducer of apoptosis.
The amount apoptosis found in chondrocytes was significantly reduced when cells were grown on Matrigel as compared to the Matrigel (-), 1.03 % +/-0.91 as compared to 93.9 % +/-3.46, respectively, and the control group grown in suspension, no matrix (40.7 % +/-19.4). The presence of perlecan resulted in an ~50% reduction in the number of apoptotic cells as compared to the control (21.52+/-7.06) over no matrix addition control. Measuring the histone-associated DNA fragments in the media (Cell Death Detection ELISA kit,Roche)showed that culturing chondrocytes on various matrix molecules alter their response to Fas activation. Cells grown on Matrigel (increased only 21.4% over control no Fas (CTL)) clearly indicating protection from apoptosis on FN (increased 224% over CTL) and to cells grown as adherent monolayer without matrix (897% over CTL). Chondrocytes in a phenotypic correct condition (suspension) responded to Fas activation only by 90.8% over CTL also indicating some significant protection from apoptosis induction as compared to monolayer culture (897%).
Discussion: In cartilage chondrocytes grown within a unique ECM environment, more recently, have been shown to contain perlecan in their pericellular matrix. In this study we show that certain matrices can alter the response to inducers of apoptosis, as can growing chondrocytes in a phenotypically-correct environment. Specifically matrix containing perlecan and or in some experiments purified perlecan can protect or alter the response of chondrocytes to stimuli of apoptosis. The data suggest that perlecan is involved, but it may be indirect, since many growth factors and molecules bind to perlecan. This finding was demonstrated using the Matrigel and the growth factor reduced (perlecan reduced coated dishes)Matrigel. The importance of maintaining the integrity of the ECM of chondrocytes to maintain their "well-being" in vivo is likely a factor in the integrity and function of articular cartilage. Further understanding of the precise molecules involved, and their ability to interact with the ECM for the protection of cells from apoptosis will provide a viable target for therapeutic intervention in a variety of diseases.
